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Objectives:  With  medical  improvements  in  pediatrics,  the  role  of  tracheotomy  has  evolved.  The  aim  of
this  study  was  to specify  the  indications  for and  complications  of tracheotomy  performed  on  children  in
a teaching  hospital  containing  a level-3  maternity  department  and  pediatric  intensive  care  unit.
Material  and  methods:  A  retrospective  study  was  conducted  in  pediatric  tracheotomies  performed  from
2004  to 2014.  Indications,  early  and  late  complications  and  the  number  and  timing  of  decannulations
were  collated.
Results: Fifty-seven  patients  were  included.  Tracheotomy  was motivated  by  upper  airway  obstruction  in
39 children  (68%)  (median  age, 4.9 months)  or the  need  for  prolonged  ventilation  in  18 children  (32%)
(median  age,  6 months).  There  were  4  early  complications  (7%)  (2 decannulations,  including  1 fatal;  an
obstructive  plug,  responsible  for another  death;  and 1 pneumothorax  during  an  EXIT  procedure),  and  15
secondary  complications  requiring  further  surgery  (26%).  Twenty-seven  patients  (47%)  were  decannu-
lated,  with  a mean  tracheotomy  duration  of  26  months.  In  9 cases  (33%  of  decannulations),  persistence
of  tracheocutaneous  ﬁstula  required  surgical  repair.
Conclusion:  Tracheotomy  for infection  is  almost  a  thing  of  the past;  tracheotomy  for  airway  obstruction
is  also  likely  to  decrease,  thanks  to medical  treatment  (for  hemangioma)  and  surgical  techniques  (for
congenital  stenosis).  Tracheotomy  for prolonged  ventilation,  on  the  other  hand,  remains.  Complications
of  tracheotomy  in children  are  rare  but potentially  serious,  requiring  care  in  a specialized  center  within
a multidisciplinary  team  with  deﬁned  care  protocols.. Introduction
The indications for and consequences of pediatric tracheotomy
ave changed over the years [1,2]. Previously, acute infection,
uch as diphtheria or epiglottitis, was the main cause of airway
bstruction leading to tracheotomy. The development and spread
f vaccines against Corynebacterium diphtheriae and Haemophilus
nﬂuenzae combined with increasing use of endotracheal intu-
ation reduced the number of infection-based indications for
racheotomy. At the same time, progress in intensive care and anes-
hesia increased the use of intubation, and intubation, especially
hen prolonged, involves a risk of obstructive dyspnea due to sub-
lottic stenosis, requiring tracheotomy if primary stenosis surgery
s not feasible.
The present study sought to specify indications for and compli-
ations of tracheotomy performed in children between 2004 and
014, in a teaching hospital containing a level-3 maternity depart-
ent and pediatric intensive care unit.
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2. Material and methods
A retrospective study was  conducted of tracheotomies per-
formed in children (< 18 years) in the ENT department of a teaching
hospital between March 2004 and February 2014 inclusive. Only
patients both operated on and followed up in the hospital were
included; those operated on in the department but followed up
elsewhere or operated on elsewhere and followed up in the depart-
ment were excluded.
Study variables comprised demographic data, medical context,
patient weight at tracheotomy, indications for surgery and compli-
cations. Complications were classiﬁed as early if intraoperative or
immediately postoperative and as late if occurring ≥ 1 week after
surgery (date of ﬁrst recannulation).
2.1. Surgical technique
Surgical technique was  the same in all cases.
Tracheotomy was performed in theater by an ENT surgeon,
under general anesthesia and intubation, with cardiorespiratory
monitoring and transcutaneous oxygen saturation monitoring. The
patient was in supine position with the head in hyperextension
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Table  1
Tracheotomy cannula size. For children aged ≥ 2 years, the following formula can
apply: internal cannula diameter = [age (years) + 16]/4. The ﬁgure shown on the
tracheotomy box is the internal cannula diameter.
Age of patient Tracheotomy cannula size
Premature 2.0 or 2.5
Full term 3.0 or 3.5
6–12 months 3.5 or 4.0
1–2 years 4.0
2–3 years 4.0 or 4.5
3–4 years 5
4–5 years 5 or 5.5
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Table 2
Reason for tracheotomy and decannulation.
Number of
decannulations
Prolonged mechanical
ventilation
18
Pulmonary malformation,
bronchodysplasia
12 7
Neuromuscular disease 4 0
Infection 2 1
Airway obstruction 39
Subglottic stenosis 11 (inc. 3 after failure
of surgery without
tracheotomy)
4
Bilateral vocal fold palsy 10 4
Head and neck tumor 8 4
Pierre Robin sequence 3 2
Tracheomalacia 4 4
of 4 ± 2.7 months. There were no cases of subcutaneous emphy-
sema. Patients were all discharged on the day after surgery. In onend a support under the shoulders. A horizontal skin incision
as made 1 cm above the sternal fork. Dissection was  continued
lane-by-plane, strictly medial, with regular ﬁnger palpation to
nsure the medial positioning of the trachea. Two  sutures were
osition under the thyroid isthmus at the 3rd or 4th tracheal
ings on either side of the midline. The tracheal incision was
erformed vertically between the sutures. Mild traction on the
utures opened the resulting tracheal oriﬁce, to introduce the tra-
heotomy cannula. The cannula was selected according to the
atient’s age (Table 1). If necessary, 1 or 2 skin sutures reduced inci-
ion opening. The cannula was ﬁxed by a cord tightened around the
eck.
Postoperatively, the patient was immediately transferred to the
ecovery room. AP cervicothoracic X-ray was taken to check the
osition of the inferior end of the cannula with respect to the carina
nd the absence of pneumothorax or pneumomediastinum.
The child was managed in intensive care, under cardiorespira-
ory monitoring.
The cannula was changed, in hospital, by a physician, on post-
perative day 7, using the existing traction sutures, which were
hen ablated. Once the child’s condition and social context allowed,
he patient was discharged home, with information to both par-
nts regarding surveillance, aspiration and changing the cord and
annula.
To be decannulated, the child must no longer require endotra-
heal tube ventilation, a nose mask sufﬁcing, and there must be no
irway obstruction. The decannulation protocol in our department
omprises laryngotracheal ﬁber optic endoscopy to rule out granu-
oma or other signiﬁcant airway obstacle. A smaller-caliber cannula
1 size below, or 0.5-mm smaller internal diameter) is ﬁtted and
lugged, under hospital surveillance. If the patient fails to tolerate
his obstruction, the plug is removed. Decannulation is performed
nly if the cannula does not need to be reopened for 48 consecutive
ours of surveillance.
. Results
.1. Population
Between March 2004 and February 2014, 57 patients under-
ent tracheotomy in our department and were followed up in our
ospital. Numbers varied from year to year (Fig. 1). There were 34
oys (60%) and 23 girls (40%). Age at tracheotomy ranged from 0 to
6 years, with a median of 4 months (Fig. 2), and weight from 1.6
o 64 kg. Mean weight in case of prolonged intubation was 9.81 kg,
nd 8.37 kg in airway obstruction.
Seventy-ﬁve ppercent were aged < 1 year at tracheotomy
nd 56% < 6 months. Twenty (38%) of the neonates and under year-old were premature (< 38 weeks’ amenorrhea, including
0, < 33 weeks).Other: caustic ingestion,
laryngeal atresia
3 1
3.2. Indications
Indications fell into 2 groups: airway obstruction, and pathology
requiring prolonged ventilation (Table 2). Three of the 39 patients
with obstruction were tracheotomized after failure of simple laryn-
geal enlargement. One required tracheotomy at birth during an
EXIT procedure for cervical teratoma obstructing the upper airway
with laryngeal atresia. The other patients underwent tracheotomy
to avoid prolonged intubation awaiting spontaneous resolution (1
case of bilateral vocal fold palsy) or salvage surgery. There were no
cases of tracheotomy for laryngeal inﬂammation or infection.
3.3. Complications
In the intra- and immediate postoperative periods, there were
4 complications (7%). Only 1 child suffered a respiratory complica-
tion related to the tracheotomy, with pneumothorax during an EXIT
procedure. Two  suffered accidental decannulation, during position-
ing in bed in the ICU after surgery in one case, and 12 hours after
surgery in the other; recannulation was without complications.
There were 15 late (> 1 week) complications: 14 revision proce-
dures for tracheal granuloma (25%) on ﬁberoptic endoscopy control
ahead of decannulation, and 1 subglottic stenosis requiring dilation
sessions.
There were 2 deaths. The ﬁrst occurred 8 days after tracheotomy,
due to obstruction by a plug, causing cardiorespiratory arrest. The
second was  due to accidental decannulation, causing hypoxic heart
failure 3 months post-tracheotomy but during a hospital admission.
3.4. Decannulation
Twenty-seven patients (47%) were successfully decannulated.
Mean tracheotomy time up to decannulation was 26 months
(range, 9 days to 91 months). In 18 cases (67%), tracheotomy clo-
sure was spontaneous. Median tracheotomy time was  24 months
(mean, 27 ± 25 months). This group was  not homogeneous, includ-
ing very late tracheotomy (> 10 years; median age at tracheotomy,
6 months; mean, 41 ± 66 months).
The other 9 patients (33%) required surgical closure of a tra-
cheocutaneous ﬁstula and remained tracheotomized for a mean
25 ± 12.5 months (median, 22 months); this group was  very homo-
geneous, with a median age at tracheotomy of 3 months and a meancase, there was  failure of healing, with unproblematic secondary
cicatrization in 10 days.
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. Discussion
.1. Numbers
In another retrospective study, conducted between 1976 and
986 in the same hospital with the same catchment, Contencin et al.
eported 170 tracheotomies [3]. Over a period also of 10 years in the
resent study, 57 children underwent tracheotomy between 2004
nd 2014. This reduction in the number of tracheotomies was  also
eported by other teams and may  be accounted for by a reduction in
he rate of acquired stenosis due to progress in neonatal intensive
are (improved use of intubation, use of artiﬁcial surfactant, treat-
ent of gastro-esophageal reﬂux, etc.), by endoscopic treatment
f laryngeal diplegia and severe laryngomalacia, by medical man-
gement of infectious etiologies and subglottic hemangioma [2,4,5]
nd by non-invasive ventilation adapted to very small children.
.2. Age and weight
In Contencin et al.’s study, ages ranged from 0 to 12 years, with
3.3% of children under 1 year of age [3]. In the present study, ages
anged from 0 to 16 years, with 75% of children aged less than 1 year
nd 56% less than 6 months of age. Other studies reported similarly
ower ages at tracheotomy [6,7]. The lowest weight in the present
eries was 1600 g, compared to 2660 g in that of Contencin et al.
Fig. 2. Number of tracheotomies acording to year and indication.
[3]. In the present study, there were no differences in mean age or
weight according to airway obstruction versus prolonged ventila-
tion, in contrast to other reports [5,8]. For example, in a series of
122 pediatric tracheotomies, Mahdevan et al. reported a mean age
of 4.5 months at surgery for airway obstruction, versus 16 months
for prolonged ventilation [5].
4.3. Indications
Unlike other reports, the present series included no cases of
tracheotomy for laryngeal trauma [8,9], probably due to lower
rates of road accidents (safety belts) and accidental hanging (school
information). Indications for childhood tracheotomy for laryngeal
infection or inﬂammation are ceasing to exist, mainly thanks to vac-
cination against diphtheria and H. inﬂuenzae type B (generalized in
France since 1992) [4,10]. In the 1976–1986 period, 2 children were
tracheotomized for acute laryngitis, where intubation would now
be used [3].
Improvements in endotracheal tubes and especially in the
choice of appropriate sizes allow prolonged intubation with mini-
mal  risk of the laryngotracheal complications previously observed,
especially in neonates [4,11].
Improvements in surgical techniques have reduced the rate of
tracheotomy for severe laryngomalacia, recurrent laryngeal papil-
lomatosis and certain cases of subglottic stenosis [12–14].
cording to age and indication.
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Finally, propranolol is now the treatment of choice for laryngeal
emangioma, replacing the surgical option that used to be adopted
15].
The development of non-invasive ventilation using masks
dapted to small children avoids intubation and tracheotomy
n some forms of airway obstruction, such as the Pierre Robin
equence or very severe laryngomalacia when sectioning of the
ryepiglottic folds fails to provide adequate improvement of upper
irway insufﬁciency [16,17].
Presently, the main indications are the need for prolonged ven-
ilation, notably in children born prematurely who have developed
ronchodysplasia, and in airway obstruction due to congenital or
cquired bilateral vocal fold palsy, malformation or tumor [7,8].
.4. Morbidity and mortality
Tracheotomy is rightly reputed to be dangerous in children.
ortality was 28% in the series of 420 children reported by Wet-
ore et al. in 1982 [1], and 19% in the 85 children reported by Zenk
t al. in 2009 [8]. It has tended to diminish: 4 out of 142 for Con-
encin [3], 2 out of 122 for Mahadevan et al. [5], 1 out of 142 for Carr
t al. [18], 3 out of 282 for Ozmen et al. [9], 1 out of 112 for Trey
t al. [7], and zero for Ang et al. (48 children) [6] and Atmaca et al.
54 children) [19]. The risk nevertheless remains, even with rigor-
us surveillance protocols using cardiac and oxygen monitoring in
 hospital department; in the present series, there were 2 deaths.
The prevalence of tracheotomy also varied greatly from year to
ear. The reduction in the number of tracheotomies is a particu-
arly important point to be borne in mind in organizing continuous
ducation for medical and paramedical personnel, so that sufﬁcient
xperience in managing tracheotomy may  be maintained.
The early complications rate in the ﬁrst postoperative week was
%: 2 accidental decannulations, without sequelae as both children
ere immediately recannulated by the care team, and 1 pneumoth-
rax during an EXIT procedure. Early accidental decannulation was
eported in many series [5,19]. Tracheal suture traction on either
ide of the incision greatly aids recannulation. The “starplasty” sur-
ical technique, consisting of incisions based on the geometry of a
 dimensional Z-plasty along the skin and trachea, which are then
utured to one another, also helps recannulation, as long as there
s not too much peristomal edema [20].
Late complications comprised accidental decannulation, intra-
racheal mucosal plugs, and granuloma around the tracheotomy
nd in the trachea, sometimes progressing toward subglottic or
racheal stenosis. The present study reported a 46% rate of late
omplications, similar to other reports of 31–51% [5,6,21]. The
etrospective design of the present study doubtless led to underes-
imation of late complications.
Except in cases of Ondine syndrome requiring facemask ventila-
ion the ﬁrst evening so that the tracheotomy needed to be closed,
ecannulation exclusively involved ablation and dry dressing. In
any cases, the tracheotomy healed spontaneously. The risk of tra-
heocutaneous ﬁstula varied among series from 3.3% to 43% [5,21],
nd was more frequent in tracheotomy lasting more than 2 years
r in younger children [22–25]. In the present series, ﬁstula did
ot occur in any children aged more than 5 years at decannulation;
racheotomy duration did not seem to be a factor, as the 9 patients
equiring surgery had more or less the same tracheotomy time as
he 18 with spontaneous closure: 25 and 27 months, respectively.
.5. Surgical technique and complicationsOverall, the present rates of early and late complications were
imilar to those in other reports in which the tracheal incision
as vertical [5,6,9,18,19,21]. Various techniques are currently per-
ormed, each with its pros and cons. Although admittedly not
[
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popular, Song et al. [26] have been using a horizontal incision since
2005. In 111 children operated on, the rate of suprastomal gran-
uloma was signiﬁcantly lower than in other reports for cervical
tracheal incision. They also found less collapse above the cannula,
although the difference was  not signiﬁcant. In their experience, the
advantage of a horizontal incision is that it is inter-cartilaginous,
sparing the tracheal cartilage and thus avoiding the cicatrization
mechanism secondary to vertical cartilage incision, which induces
late granuloma. Likewise, Koltai developed the starplasty technique
[27], which seems to reduce tracheotomy-related mortality and
avoid pneumothorax and tracheal stenosis, but requires systematic
closure of a tracheocutaneous ﬁstula [20].
Although an attractive option in adults, where it can be
performed at the bedside, percutaneous tracheotomy is highly con-
troversial in children [28,29]. Dulguerov et al. reported higher rates
of intraoperative complications, mortality and cardiorespiratory
arrest than with the classic surgical technique. Further studies will
be needed to assess outcome and establish the indications and con-
traindications for percutaneous tracheotomy.
5. Conclusion
Tracheotomy is performed for airway obstruction awaiting a
surgical solution in two-thirds of cases, and for prolonged venti-
lation in children born prematurely or with multiple deformities
in one-third. It is a valid option, with rare but potentially severe
complications in children, and must therefore be performed in a
specialized centre with a multidisciplinary team following prede-
ﬁned protocols.
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